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DIRECT CURRENT MOTOR DRIVE
CIRCUIT AND FAN MOTOR INCLUDING
THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a direct current motor
drive circuit which drives a brushless direct current motor
for rotating a magnet rotor by a motor coil which switches
polarities of a plurality (for example, four) of magnetic poles
when the direction of an applied current is changed.

FIG. 3 is a circuit diagram showing a conventional direct
current motor drive circuit described in, for example, JP-A-
9-331692.

In FIG. 3, the reference numeral 101 denotes a hall
element which is disposed between magnetic poles formed
by a motor coil (described later) forming a stator of a direct
current motor and detects a rotating position of a magnet
rotor, the reference numeral 102 denotes an IC which
outputs a signal for switching the energization direction
(direction of the applied current) of the motor coil, the
reference numerals 1054 and 105 denote P channel metal
oxide semiconductor field effect transistors (referred to as
MOSFETs), the reference numerals 1064 and 106b are N
channel MOSFETs, the reference numerals 130a through
132a and 130b through 132b denote transistors, the refer-
ence numeral 109 denotes a motor coil which switches
polarities of a plurality (for example, four) of magnetic poles
when the applied current direction is changed, and the
reference symbol T denotes a power supply terminal to
which a direct current power of a direct current voltage Vce
(for example, 12V) is supplied.

Herein, the transistors 131a, 1315, 1324, and 132b form
a dead time generation circuit which generates a dead time
for preventing power supply shortcircuits due to simulta-
neous energization when the phase is switched in the
H-bridge circuit described later, the transistors 130a and
130b form an H-bridge drive circuit for driving the H-bridge
circuit, and the P channel MOSFETs 1054 and 1055, the N
channel MOSFETs 1064 and 1065, and the motor coil 109
form the H-bridge circuit. In FIG. 3, all circuits except for
the motor coil 109 form a direct current motor drive circuit.

Connections and operations of the direct current motor
drive circuit thus constructed are described.

An output of the IC 102 is connected to transistors 131a
and 1315 for low frequency amplifying, and outputs of the
transistors 131a and 131b are connected to bases of PNP
small signal transistors 130ag and 1305 which drive gates of
the MOSFETSs, respectively, outputs of the transistors 131a
and 1315 are connected to bases of the transistors 132b and
132a, respectively, collectors thereof are connected to the
transistors 13056 and 1304, emitters of the small signal
transistors 130z and 1306 are connected to gates of the P
channel MOSFETs 1054 and 105b and collectors of the
small signal transistors 130z and 1305 are connected to
gates of the N channel MOSFETs 106a and 1065, and the
transistors 130a and 1305 are alternately turned on and off
by the IC 102 that outputs a signal for switching the
energization direction of the motor coil 109.

When the transistor 130z is on, the MOSFETs 1054 and
1064 are turned on, the motor coil 109 is energized from left
to right, and thereafter, when the transistor 130z is turned
off, the transistor 1305 is turned on and the MOSFETs 1056
and 106) are turned on and a current in reverse to the
previous direction is supplied to the motor coil 109.

Thus, in a conventional direct current motor drive circuit,
the transistors 131a, 131b, 1324, and 13256 form a dead time
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generation circuit and the transistors 130z and 1305 form an
H-bridge drive circuit. Therefore, in a brushless DC motor
or the like adapted to alternating current inputs by convert-
ing an alternating current voltage inputted from a power
supply terminal into a direct current voltage by a rectifier
circuit (not shown) in the motor, when the direct current
voltage Vce is high, for example, 110V (namely, when the
H-bridge circuit is made so as to withstand a higher voltage),
the transistors 130a through 132 and 130b through 1326
must also be changed to high-withstand voltage transistors,
and the direct current motor drive circuit becomes expen-
sive.

In this direct current motor drive circuit, it has been
demanded that the direct current motor drive circuit can be
simplified and prevented from becoming expensive even
when the H-bridge circuit is made so as to withstand a higher
voltage.

SUMMARY OF THE INVENTION

In order to satisfy this demand, an object of the invention
is to provide a direct current motor drive circuit which can
be simplified and prevented from becoming expensive even
when the H-bridge circuit is made to withstand a higher
voltage.

The invention achieves the object to prevent the direct
current motor drive circuit from becoming expensive even
when the H-bridge circuit is made to withstand a higher
voltage by driving the H-bridge circuit by output signals of
two comparators.

According to a first aspect of the invention for solving the
above-mentioned problem, a direct current motor drive
circuit for driving a brushless direct current motor, com-
prises: a hall element disposed between predetermined mag-
netic poles of a coil of the brushless direct current motor; an
H-bridge drive circuit including a first comparator which
receives an input of a sinusoidal signal outputted from the
hall element and outputs a first rectangular wave signal
corresponding to the positive voltage of the sinusoidal signal
and a second comparator which receives an input of the first
rectangular wave signal and outputs a second rectangular
wave signal corresponding to the negative voltage of the
sinusoidal signal; a dead time circuit which carries out
rectangular wave signal processing for turning the first
rectangular signal and the second rectangular signal on at
timings in which their ON voltage periods are different; and
an H-bridge circuit which receives inputs of the first rect-
angular wave signal and the second rectangular wave signal
subjected to signal processing in the dead time circuit,
wherein the H-bridge circuit includes a first series circuit in
which a second switching element connected to a positive
power supply voltage and a first field effect transistor
(referred to as FET) connected to the ground are connected
in series via a first node, a second series circuit in which a
first switching element connected to the positive power
supply voltage and a second FET connected to the ground
are connected in series via a second node, and a coil of the
direct current motor connected to the first node and the
second node.

According to a second aspect of the invention for solving
the above-mentioned problem, a direct current motor drive
circuit which drives a brushless direct current motor for
rotating a magnet rotor by a motor coil that switches
polarities of a plurality of magnetic poles when an applied
current direction is changed, comprises a hall element dis-
posed between predetermined magnetic poles of the motor
coil, a first comparator which receives an input of a sinu-
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soidal signal outputted from the hall element and outputs the
first rectangular wave signal corresponding to the positive
voltage of the sinusoidal signal, a second comparator which
receives an input of a first rectangular wave signal and
outputs a second rectangular wave signal corresponding to
the negative voltage of the sinusoidal signal, a first dead time
circuit which provides the first rectangular wave signal with
gentle rises and steep falls and outputs it as a first rectangular
wave processed signal, a second dead time circuit which
provides the second rectangular wave signal with gentle
rises and steep falls and outputs it as a second rectangular
wave processed signal, an H-bridge circuit which receives
inputs of the first rectangular wave processed signal and the
second rectangular wave processed signal, wherein the
H-bridge circuit includes a first series circuit in which a
second switching element connected to a positive power
supply voltage and a first field effect transistor (referred to
as FET) connected to the ground are connected in series via
a first node, a second series circuit in which a first switching
element connected to a positive power supply voltage and a
second FET connected to the ground are connected in series
via a second node, and the motor coil connected to the first
node and the second node.

According to a third aspect of the invention for solving the
above-mentioned problem, the first switching element and
the second switching element are a first PNP transistor and
a second PNP transistor, respectively, emitters of the first
PNP transistor and the second PNP transistor are connected
to the positive power supply voltage, collectors of the first
PNP transistor and the second PNP transistor are connected
to drains of the second FET and the first FET, respectively,
bases of the first PNP transistor and the second PNP tran-
sistor are connected to drains of the first FET and the second
FET via a third resistor and a fourth resistor, respectively, the
first rectangular wave processed signal and the second
rectangular wave processed signal are inputted to gates of
the first FET and the second FET, and sources of the first
FET and the second FET are connected to the ground.

According to a fourth aspect of the invention for solving
the above-mentioned problem, the first switching element
and the second switching element are a first P channel FET
and a second P channel FET, respectively, and sources of the
first P channel FET and the second P channel FET are
connected to the positive power supply voltage, drains of the
first P channel FET and the second P channel FET are
connected to drains of the second FET and the first FET,
respectively, gates of the first P channel FET and the second
P channel FET are connected to drains of the first FET and
the second FET via a third resistor and a fourth resistor,
respectively, the rectangular wave processed signal and the
second rectangular wave processed signal are inputted to
gates of the first FET and the second FET, and sources of the
first FET and the second FET are connected to the ground.

According to a fifth aspect of the invention for solving the
above-mentioned problem, the first dead time circuit
includes a first resistor connected to a third node as an output
point of the first comparator and a first capacitor connected
in series to the first resistor via a fourth node, where the
fourth node is connected to the gate of the first FET, the
second dead time circuit includes a second resistor con-
nected to a high voltage side of a fifth node as an output
point of the second comparator and a second capacitor
connected in series to the second resistor via the fifth node,
where the fifth node is connected to the gate of the second
FET.
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Thereby, a direct current motor drive circuit is obtained
which can be simplified and prevented from becoming
expensive even when the H-bridge circuit is made to with-
stand a higher voltage.

A direct current motor circuit of the invention drives a
brushless direct current motor for rotating a magnet rotor by
a motor coil which switches polarities of a plurality of
magnetic poles when an applied current direction is
changed, comprising a hall element disposed between pre-
determined magnetic poles of the motor coil, an H-bridge
circuit to be driven based on a sinusoidal signal outputted
from the hall element, wherein the H-bridge circuit includes
a first series circuit in which a second switching element
connected to a positive power supply voltage and a first FET
connected to the ground are connected in series via a first
node, a second series circuit in which a first switching
element connected to the positive power supply voltage and
a second FET connected to the ground are connected in
series via a second node, and a motor coil connected to the
first node and the second node, whereby the first switching
element or the second switching element on the high voltage
side (positive power supply voltage side) forming the
H-bridge circuit is driven by the first FET or the second FET
on the ground side, the first comparator or the second
comparator as a drive circuit for driving the H-bridge circuit
drives only the first FET or the second FET, and it is not
necessary that the first switching element or the second
switching element on the high voltage side (positive power
supply voltage side) is driven by an independent separate
circuit, and therefore, a drive circuit conventionally required
for the high voltage side switching element is omitted and
the entire circuit can be simplified, and even when the
H-bridge circuit is made so as to withstand a higher voltage,
an advantageous effect can be obtained in that the direct
current motor drive circuit can be prevented from becoming
expensive. In addition, by providing the first and second
dead time circuits, an advantageous effect is obtained in that
the first and second FETs or the first and second switching
elements are prevented from being simultaneously turned
on.

Furthermore, the first switching element and the second
switching element are a first PNP transistor and a second
PNP transistor, respectively, emitters of the first PNP tran-
sistor and the second PNP transistor are connected to a
positive power supply voltage, collectors of the first PNP
transistor and the second PNP transistor are connected to
drains of the second FET and the first FET, respectively,
bases of the first PNP transistor and the second PNP tran-
sistor are connected to drains of the first FET and the second
FET via a third resistor and a fourth resistor, respectively, the
first rectangular wave processed signal and the second
rectangular wave processed signal are inputted to gates of
the first FET and the second FET, and sources of the first
FET and the second FET are connected to the ground,
whereby an advantageous effect is obtained in that the PNP
transistors on the high voltage side can be driven reliably by
the FETs on the ground side.

Furthermore, the first switching element and the second
switching element are a first P channel FET and a second P
channel FET, respectively, sources of the first P channel FET
and the second P channel FET are connected to a positive
power supply voltage, drains of the first P channel FET and
the second P channel FET are connected to drains of the
second FET and the first FET, respectively, gates of the first
P channel FET and the second P channel FET are connected
to drains of the first FET and the second FET via a third
resistor and a fourth resistor, respectively, the first rectan-
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gular wave processed signal and the second rectangular
wave processed signal are inputted to gates of the first FET
and the second FET, and sources of the first FET and the
second FET are connected to the ground, whereby an
advantageous effect is obtained in that reliable driving is
carried out by the P channel FETs on the high voltage side
and the FETs on the ground side.

Furthermore, the direct current motor drive circuit is
provided with a first comparator which receives an input of
a sinusoidal signal outputted from the hall element and
outputs a first rectangular wave signal corresponding to the
positive voltage of the sinusoidal signal, a second compara-
tor which receives an input of the first rectangular signal and
outputs a second rectangular signal corresponding to the
negative voltage of the sinusoidal signal, a first dead time
circuit which provides the first rectangular wave signal with
gentle rises and steep falls and outputs it as a first rectangular
wave processed signal, and a second dead time circuit which
provides the second rectangular wave signal with gentle
rises and steep falls and outputs it as a second rectangular
wave signal, and the H-bridge circuit receives inputs of the
first rectangular wave processed signal and the second
rectangular wave processed signal, whereby an advanta-
geous effect is obtained in that the first switching element
and the second FET or the second switching element and the
first FET are prevented from being simultaneously energized
in the H-bridge circuit.

Furthermore, the first dead time circuit includes a first
resistor connected to a third node as an output point of the
first comparator and a first capacitor connected in series to
the first resistor via a fourth node, where the fourth node is
connected to the gate of the first FET, the second dead time
circuit includes a second resistor connected to a high voltage
side of a fifth node as an output point of the second
comparator and a second capacitor connected in series to the
second resistor via the fifth node, where the fifth node is
connected to the gate of the second FET, whereby the dead
time circuit is formed by passive elements, and therefore,
advantageous effects are obtained in that active elements for
dead time generation can be omitted, the dead time circuits
can be simplified, and costs are further lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing the direct current
motor drive circuit according to the first embodiment of the
invention.

FIG. 2(a) is a timing cart showing a sinusoidal signal a as
an output voltage of the hall element, FIG. 2(b) is a timing
chart showing an output voltage of the first comparator, FIG.
2(c) is a timing chart showing an output voltage ¢ of the first
dead time circuit, FIG. 2(d) is a timing chart showing an
output voltage d of the second dead time generation circuit,
FIG. 2(e) is a timing chart showing ON periods of the first
FET, FIG. 2(J) is a timing chart showing ON periods f of the
second FET, FIG. 2(g) is a timing cart showing a waveform
of an applied current in the motor coil, FIG. 2(h) is a timing
chart showing a waveform of a drain current of the first FET,
and FIG. 2(i) is a timing chart showing a waveform of a
collector current of the first PNP transistor.

FIG. 3 is a circuit diagram showing a conventional direct
current motor drive circuit.

FIG. 4 is a circuit diagram showing a direct current motor
drive circuit according to the second embodiment of the
invention.

FIG. 5(j) is a timing chart showing a sinusoidal signal j as
an output voltage of the hall element, FIG. 5(k) is a timing
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6

chart showing a rectangular wave signal as an output voltage
of the first comparator, FIG. 5(J) is a timing chart showing
an output voltage 1 of the first dead time generation circuit,
FIG. 5(m) is a timing chart showing an output voltage m of
the second dead time generation circuit, FIG. 5(#) is a timing
chart showing ON periods of the first FET, FIG. 5(0) is a
timing chart showing ON periods o of the second FET, FIG.
5(p) is a timing chart showing a waveform of an applied
current in the motor coil, FIG. 5(g) is a timing cart showing
a waveform of a drain current of the first FET, and FIG. 5(r)
is a timing chart showing a waveform of a drain current of
the third P channel FET.

FIG. 6 is a perspective view and a sectional view of a fan
motor of the first embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS
First Embodiment

FIG. 1 is a circuit diagram showing a direct current motor
drive circuit according to a first embodiment of the inven-
tion.

In FIG. 1, a hall element 1 is disposed between magnetic
poles formed by a motor coil 8 (described later) as a stator
of a direct current motor and detects a rotating position of a
magnet rotor as a rotor of the direct current motor, the
reference numerals 12 and 15 denote output terminals of the
hall element 1, a first comparator 2 receives an input of an
output voltage of the hall element 1 and outputs a signal
(rectangular wave signal) for switching the energization
direction (direction of an applied current) of the motor coil
8, a second comparator 3 receives an input of an output
voltage (rectangular wave signal) of the first comparator 2
and outputs a signal for switching the energization direction
of the motor coil 8, first and second FETs 4 and 5 are driven
by the first and second comparators 2 and 3, first and second
PNP transistors 6 and 7 are driven by the first and second
FETs 4 and 5, a motor coil 8 switches a plurality (for
example, four) of magnetic poles N and S when the direction
of an applied current is changed, and a power supply
terminal T is supplied with a direct current power of a direct
current voltage Vee (for example, 110V). R1 through R11
denote resistors, a zener diode ZD1 supplies a rated voltage
to the hall element 1 and the first and second comparators 2
and 3, C1 and C2 denote capacitors, D1 through D7 denote
diodes, N1 and N2 denote the first and second nodes, and P1
through P3 denote the third through fifth nodes, and the
resistors RS and R6 (first resistor) and the capacitor C1 (first
capacitor) form a first dead time generation circuit, and the
resistor R7 (second resistor) and the capacitor C2 (second
capacitor) form a second dead time generation circuit. A
diode D1 makes the fall of the driving voltage (rectangular
wave signal) of the first FET 4 at the node P2 steep, and
diodes D2 and D3 prevent an induced voltage caused by a
sudden change in applied current in the motor coil 8, and
diodes D4 through D7 extinguish an induced voltage caused
by a sudden change in applied current in the motor coil 8 by
bypassing and converting it into a cyclic current. The first
and second FETs 4 and 5, the first and second PNP transis-
tors 6 and 7, and the motor coil 8 form an H-bridge circuit.
The base side resistor R9 of the first PNP transistor 6 is a
third resistor, and the base side resistor R11 of the second
PNP transistor 7 is a fourth resistor. In FIG. 1, all circuits
except for the motor coil 8 form a direct current motor drive
circuit.

Connections and operations of the direct current motor
drive circuit thus constructed are described.
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First, connections are described. The output terminals 1a
and 1b of the hall element 1 are connected to the input side
of the first comparator 2, respectively, and the output side
node P1 (third node) of the first comparator 2 is inputted to
a time constant circuit as a first dead time generation circuit,
and the output side node P2 (fourth node) of the time
constant circuit is connected to the gate of the first FET 4.
The output side node P1 (third node) of the first comparator
2 is connected to the input side of the second comparator 3,
and the output side node P3 (fifth node) of the second
comparator 3 is inputted to a time constant circuit as a
second dead time generation circuit, and the output side
node P3 of the time constant circuit is connected to the gate
of the second FET 5. Furthermore, sources of the first and
second FETs 4 and 5 are connected to the ground, drains of
the second FETs 4 and § are connected to the collectors of
the second and first PNP transistors 6 and 7, respectively,
and diodes D4 and DS for bypass are connected between the
sources and the drains of the first and second FETs 4 and 5.
Emitters of the first and second PNP transistors 6 and 7 are
directly connected to the power supply terminal T with a
positive power supply voltage Vce, and bases of these are
connected to the power supply terminal with the power
supply voltage Vec via resistors R8 and R10. Furthermore,
collectors of the first and second PNP transistors 6 and 7,
drains of the first and second FETs 4 and 5, and both ends
of the motor coil 8 are connected to nodes N1 and N2. The
diode D2 is connected to the collector of the second PNP
transistor 7 (that is, the drain of the first FET 4) and the base
side resistor R9 of the first PNP transistor 6, and the diode
D3 is connected to the collector of the first PNP transistor 6
(that is, the drain of the second FET 5) and the base side
resistor R11 of the second PNP transistor 7, the diodes D4
and D35 are connected between the drains and the sources of
the first and second FETs 4 and 5, and the diodes D6 and D7
are connected between the emitters and the collectors of the
first and second PNP transistors 6 and 7.

Next, operations of the direct current motor drive circuit
of FIG. 1 are described with reference to FIGS. 2(a) to 2(i).
FIGS. 2(a) to 2(i) are timing charts showing waveforms at
the respective points of the direct current motor dive circuit
of FIG. 1, wherein FIG. 2(a) is a timing chart showing a
sinusoidal signal a as an output voltage of the hall element
1, FIG. 2(b) is a timing chart showing a rectangular wave
signal b (first rectangular wave signal) as an output voltage
(voltage at the node P1) of the first comparator 2, FIG. 2(c)
is a timing chart showing an output voltage (voltage at the
node P2) ¢ (first rectangular wave processed signal) of the
first dead time generation circuit, FIG. 2(d) is a timing chart
showing an output voltage (voltage at the node P3, equal to
the output voltage of the second comparator 3) d of the
second dead time generation circuit, FIG. 2(e) is a timing
chart showing ON periods e of the first FET 4, FIG. 2(f) is
a timing chart showing ON periods f of the second FET §,
FIG. 2(g) is a timing chart showing a waveform of an
applied current g of the motor coil 8, FIG. 2(%) is a timing
chart showing a waveform of a drain current h of the first
FET 4, and FIG. 2(i) is a timing chart showing a waveform
of a collector current i of the first PNP transistor 6. The
applied current g is shown by defining the direction from the
node N2 to the node N1 of the motor coil 8 as positive.

When a brushless direct current motor is driven by the
direct current motor drive circuit of FIG. 1, the hall element
1 disposed on a stator generates a sinusoidal signal a shown
in FIG. 2(a) between the output terminals 1a and 1b due to
a magnetic field change generated by a rotating magnet
rotor, and outputs it. The first comparator 2 which has
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received this sinusoidal signal a by its positive terminal and
negative terminal outputs a rectangular wave signal b as a
result of comparison (FIG. 2(b)). The second comparator 3
which has received an input of an output voltage of the
rectangular signal b from the first comparator 2 outputs a
rectangular wave signal d (that is an output voltage of the
second dead time generation circuit, also) as a result of
inversion of the rectangular wave signal b from the first
comparator 2 (FIG. 2(d)). The rectangular signal b is con-
verted into a rectangular wave signal ¢ having gentle rises
and steep falls as shown in FIG. 2(c) by the first dead time
generation circuit (time constant circuit) that includes the
resistor RS, the resistor Ré, the capacitor C1, and the diode
D1. In addition, a rectangular wave signal d that is at once
an output signal of the second comparator 3 and an output
signal of the second dead time generation circuit is con-
verted into a signal having gentle rises and steep falls as
shown in FIG. 2(d) by the second dead time generation
circuit that includes the resistor R7 and the capacitor C2. The
first FET 4 that has received an input of the rectangular wave
signal ¢ is turned on by delaying by a period Td1 behind the
timing T0, and turned off at the timing T1 as shown in FIG.
2(e). On the other hand, the second FET which has received
an input of the rectangular wave signal d is turned on by
delaying by a period Td2 behind the timing T1 and turned
off at the timing T2 as shown in FIG. 2(f). A current flows
into the resistors R8 and R9 by the first FET 4 turned on at
the timing of (T0+Tdl), and the first PNP transistor 6 is
turned on by being biased forward. Thereby, the first PNP
transistor 6 is turned on at the timing of (T0+Td1), and an
applied current g flows from the first PNP transistor 6 to the
first FET 4 through the motor coil 8 (FIG. 2(g)). In addition,
a current flows into the resistors R10 and R11 by the second
FET 5 turned on at the timing of (T1+Td2), and the second
PNP transistor 7 is turned on by being biased forward.
Thereby, the second PNP transistor 7 is turned on at the
timing of (T1+Td2), and an applied current g flows from the
second PNP transistor 7 to the second FET 5 through the
motor coil 8 (FIG. 2(g)). As shown in FIG. 2(e) and FIG.
2(f), the ON periods e and f of the first and second FETs 4
and 5 do not overlap each other, so that there is no over-
lapping between the first ON period Tonl in which the first
FET 4 is on and the second ON period in which the second
FET 5 is on, and simultaneous energization, that is, a
through current is not generated between the first FET 4 and
the second PNP transistor 7 or between the second FET §
and the first PNP transistor 6 in the H-bridge circuit. The
drain current h of the first FET 4 when the applied current
g flows in the motor coil 8 is shown in FIG. 2(/), and the
collector current i of the first PNP transistor 6 is shown in
FIG. 2(i). As shown in FIG. 2(j), due to the applied current
g of the motor coil 8, a time lag Td3 is generated between
turning-on of the first FET 4 and turning-on of the first PNP
transistor 6. As shown in FIG. 2(/) and FIG. 2(i), the drain
current h of the first FET 4 is a current corresponding to the
first ON period Tonl, however, the ON period of the
collector current i of the first PNP transistor 6 is lengthened
by Td2 due to influence from an induced voltage of the coil.
Herein, Td1 and Td2 are approximately 20 microseconds,
and Td3 is approximately 1 millisecond.

When the first ON period Ton1 is switched to the second
ON period Ton2 or when the second ON period Ton2 is
switched to the first ON period Tonl, the applied current in
the motor coil 8 suddenly changes, and in the case of a motor
coil 8 alone, a spike-shaped high voltage is caused by this
sudden change. However, such a spike-shaped high voltage
is prevented from being transmitted to the first PNP tran-
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sistor 6 from the node N1 by the diode D2 and prevented
from being transmitted to the second PNP transistor 7 from
the node N2 by the diode D3. When the voltage becomes
higher at the node N1 than at the node N2 due to the
spike-shaped high voltage, a cyclic current flows to the
diode D7, an external circuit (for example, a power supply
circuit), and the diode D5 in order, and when the voltage
becomes higher at the node N2 than at the node N1 due to
the spike-shaped high voltage, a cyclic current flows to the
diode D6, an external circuit (for example, a power supply
circuit), and the diode D4 in order, whereby generation of
the spike-shaped high voltage itself is also restrained.

As described above, according to this embodiment, a
direct current motor drive circuit is obtained which drives a
brushless direct current motor for rotating a magnet rotor by
a motor coil 8 that switches polarities (N, S) of a plurality
of magnetic poles when the applied current direction is
changed, comprising a hall element 1 disposed between
predetermined magnetic poles of the motor coil 8, a first
comparator 2 that receives an input of a sinusoidal signal
outputted from the hall element 1 and outputs a first rect-
angular wave signal corresponding to the positive voltage of
the sinusoidal signal, a second comparator 3 which receives
an input of the first rectangular wave signal and outputs a
second rectangular wave signal corresponding to the nega-
tive voltage of the sinusoidal signal, resistors RS and R6, a
capacitor C1, and a diode D1 of a first dead time circuit
which provides the first rectangular wave signal with gentle
rises and steep falls and outputs it as a first rectangular wave
processed signal, a resistor R7 and a capacitor C2 of a
second dead time circuit which provides the second rectan-
gular wave signal with gentle rises and steep falls and
outputs it as a second rectangular wave processed signal, and
a first FET 4, a second FET 5, a first PNP transistor 6, a
second PNP transistor 7, and a motor coil 8 of an H-bridge
circuit which receives inputs of the first rectangular wave
processed signal and the second rectangular wave processed
signal, wherein the H-bridge circuit includes a first series
circuit in which the second PNP transistor 7 connected to a
positive power supply voltage and the first FET 4 connected
to the ground are connected in series via a first node N1, a
second series circuit in which the first PNP transistor 6
connected to the positive power supply voltage and the
second FET 5 connected to the ground are connected in
series via a second node N2, and the motor coil 8 connected
to the first node N1 and the second node N2, whereby the
first PNP transistor 6 or the second PNP transistor 7 on the
high voltage side (positive power supply voltage side)
forming the H-bridge circuit is driven by the first FET 4 or
the second FET § on the ground side, the first comparator 2
or the second comparator 3 as a drive circuit for driving the
H-bridge circuit is required to drive only the first FET 4 or
the second FET §, and it is not necessary that the first PNP
transistor 6 or the second PNP transistor 7 on the high
voltage side (positive power supply side) is driven by an
independent separate circuit. Therefore, advantageous
effects are obtained in that a drive circuit for a high voltage
side switching element required in prior arts can be omitted
and the entire circuit can be simplified, and even when the
H-bridge circuit is made so as to withstand a higher voltage,
the direct current motor drive circuit can be prevented from
becoming expensive. In addition, by providing the first and
second dead time circuits, simultaneous energization
between the first PNP transistor 6 and the second FET 5 or
between the second PNP transistor 7 and the first FET 4 can
be prevented in the H-bridge circuit.
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Next, a fan motor using this direct current motor drive
circuit is described with reference to a perspective view and
a sectional view of the fan motor of the first embodiment of
the invention of FIG. 6.

The reference numeral 301 denotes a rotor as a rotating
part of the fan motor, 304 denotes a stator core forming a
stator, 302 denotes a motor coil wound around the stator core
304, and 305 denotes a shaft that rotates integrally with the
rotor 301 and is attached with a fan. The reference numeral
310 denotes a printed circuit board on which a stator, an
electronic part 311, and a direct current motor drive circuit
(not shown), etc., are mounted, 309 denotes a case-shaped
outer hull electrical insulator housing the rotor 301, the
stator, and the printed circuit board 310, etc., and 308
denotes a power supply connector for supplying electricity
to the fan motor.

Description is given above in the case where the parts of
the fan motor are housed in the case-shaped outer hull
electrical insulator 309, however, these parts may be molded
from a mold material such as unsaturated polyester or the
like.

Second Embodiment

FIG. 4 is a circuit diagram showing a direct current motor
drive circuit according to a second embodiment of the
invention.

In FIG. 4, a hall element 201 is disposed between mag-
netic poles formed by a motor coil 208 (described later) as
a stator of a direct current motor and detects a rotating
position of a magnet rotor as a rotor of the direct current
motor, the reference numerals 201a and 2015 denote output
terminals of the hall element 201, a first comparator 202
receives an input of an output voltage of the hall element 201
and outputs a signal (rectangular wave signal) for switching
the energization direction (applied current direction) of the
motor coil 208, a second comparator 203 receives an input
of an output voltage (rectangular wave signal) of the first
comparator 202 and outputs a signal for switching the
energization direction of the motor coil 208, first and second
FETs 204 and 205 are driven by the first and second
comparators 202 and 203, third and fourth P channel FETs
206 and 207 are driven by the first and second FETs 204 and
205, a motor coil 208 switches a plurality of magnetic poles
(for example, four poles) N and S when the applied current
direction is changed, and a power supply terminal T is
supplied with a direct current power of a direct current
voltage Vec (for example, 110V). The reference numerals
R201 through R211 denote resistors, ZD201 denotes a zener
diode for supplying a rated voltage to the hall element 201
and the first and second comparators 202 and 203, C201 and
C202 denote capacitors, D201 through D207 denote diodes,
N201 and N202 denote first and second nodes, and P201
through P203 denote third through fifth nodes. The resistor
R205 and the resistor R206 (first resistor) and the capacitor
C201 form a first dead time generation circuit, and the
resistor R207 (second resistor) and the capacitor C202
(second capacitor) form a second dead time generation
circuit. A diode D201 is for making falls of the drive voltage
(rectangular signal) of the first FET 204 at the node P202
steep, diodes D202 and D203 prevent an induced voltage
due to a sudden change in applied current in the motor coil
208, and diodes D204 through D207 extinguish an induced
voltage caused by a sudden change in applied current in the
motor coil 208 by bypassing and converting it into a cyclic
current. The first and second FETs 204 and 205, the third and
fourth P channel FETs 206 and 207, and the motor coil 208
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form an H-bridge circuit. The gate side resistor R209 of the
third P channel FET 206 is a third resistor, and the gate side
resistor R211 of the fourth P channel FET 207 is a fourth
resistor. In FIG. 4, all circuits except for the motor coil 208
form a direct current motor drive circuit.

Connections and operations of the direct current motor
drive circuit thus constructed are described.

First, connections are described. The output terminals
201a and 2015 of the hall element 201 are connected to the
input side of the first comparator 202, and the output side
node P201 (third node) of the first comparator 202 is
inputted to a time constant circuit as the first dead time
generation circuit, and the output side node P202 (fourth
node) of the time constant circuit is connected to the gate of
the first FET 204. The output side node P201 (third node) of
the first comparator 202 is connected to the input side of the
second comparator 203, the output side node P203 (fifth
node) of the second comparator 203 is inputted to a time
constant circuit as the second dead time generation circuit,
and the output side node P203 of the time constant circuit is
connected to the gate of the second FET 205. Furthermore,
sources of the second FETs 204 and 205 are connected to the
ground, drains of the first and second FETs 204 and 205 are
connected to drains of the fourth and third P channel FETs
206 and 207, respectively, and the diodes D204 and D205
for bypassing are connected between the sources and the
drains of the first and second FETs 204 and 205. Sources of
the third and fourth P channel FETs 206 and 207 are directly
connected to the power supply terminal T with a positive
power supply voltage Vec and the gate is connected to the
power supply terminal T with a positive power supply
voltage Vce via the resistors R208 and R210. Furthermore,
drains of the third and fourth P channel FETs 206 and 207,
drains of the first and second FETs 204 and 205, and both
ends of the motor coil 208 are connected to the nodes N201
and N202. The diode D202 is connected to the drain of the
fourth P channel FET 207 (that is, the drain of the first FET
204) and the gate side resistor R209 of the third P channel
FET 206, the diode D203 is connected to the drain of the
third P channel FET 206 (that is, the drain of the second FET
205), and the gate side resistor R211 of the fourth P channel
FET 207, the diodes D204 and D205 are connected between
the drains and the sources of the second FETs 204 and 205,
and the diodes D206 and D207 are connected between the
sources and the drains of the third and fourth P channel FETs
206 and 207.

Next, operations of the direct current motor drive circuit
of FIG. 4 are described with reference to FIGS. 5(j) to 5(r).
FIGS. 5(j) to 5(r) are timing charts of wave forms at the
respective points of the direct current motor drive circuit of
FIG. 4, wherein FIG. 5(j) is a timing chart showing a
sinusoidal signal j as an output voltage of the hall element
201, FIG. 5(k) is a timing chart showing a rectangular wave
signal k (first rectangular wave signal) as an output voltage
(voltage at the node P201) of the first comparator 202, FIG.
5(]) is a timing chart showing an output voltage (voltage at
the node P202) 1 (first rectangular wave processed signal) of
the first dead time generation circuit, FIG. 5(m) is a timing
chart showing an output voltage (a voltage at the node P203,
equal to an output voltage of the second comparator 203) m
(that is at once a second rectangular wave signal and a
second rectangular wave processed signal) of the second
dead time generation circuit, FIG. 5(n) is a timing chart
showing ON periods n of the first FET 204, FIG. 5(0) is a
timing chart showing ON periods o of the second FET 205,
FIG. 5(p) is a timing chart showing a waveform of an
applied current p of the motor coil 208, FIG. 5(qg) is a timing
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chart showing a waveform of a drain current q of the first
FET 204, and FIG. 5(r) is a timing chart showing a wave-
form of a drain current r of the third P channel FET 206. The
applied current p is shown by defining the direction from the
node N202 to N201 of the motor coil 208 as positive.
When the brushless direct current motor is driven by the
direct current motor drive circuit of FIG. 4, the hall element
201 disposed on a stator generates a sinusoidal signal j as
shown in FIG. 5(j) between the output terminals 201a and
2015 due to a magnetic field change generated by a rotating
magnet rotor, and outputs the signal. The first comparator
202 which has received an input of this sinusoidal signal j by
a positive terminal and a negative terminal outputs a rect-
angular wave signal k as a result of comparison (FIG. 5(k)).
The second comparator 203 that has received an input of the
output voltage of the rectangular signal k from the first
comparator 202 outputs a rectangular wave signal m (it is an
output voltage of the second dead time generation circuit at
the same time) as a result of inversion of the rectangular
wave signal k from the first comparator 202 (FIG. 5(m)). The
rectangular wave signal k is converted into a rectangular
wave signal 1 having gentle rises and steep falls as shown in
FIG. 5()) by the first dead time generation circuit (time
constant circuit) including the resistor R205, the resistor
R206, the capacitor C201, and the diode D201. The rectan-
gular wave signal m that is at the same time an output signal
of the second comparator 203 and an output signal of the
second dead time generation circuit is converted into a
signal having gentle rises and steep falls as shown in FIG.
5(m) by the second dead time generation circuit including
the resistor R207 and the capacitor C202. As shown in FIG.
5(n), the first FET 204 that has received an input of the
rectangular wave signal 1 is turned on by delaying by a
period Td1 behind the timing T0, and turned off at the timing
of T1. On the other hand, as shown in FIG. 5(0), the second
FET 205 that has received an input of the rectangular wave
signal m is turned on by delaying by a period Td2 behind the
timing T1, and turned off at the timing of T2. A current is
made to flow in the resistors R208 and R209 by the first FET
204 that has been turned on at the timing of (T0+Td1), and
the third P channel FET 206 is turned on by being biased
forward. Thereby, the third P channel FET 206 is turned on
at the timing of (T0+Td1), and an applied current p reaching
the first FET 204 from the third P channel FET 206 via the
motor coil 208 flows (FIG. 5(p)). A current is made to flow
in the resistors R210 and R211 by the second FET 205
turned on at the timing of (T1+Td2), and the fourth P
channel FET 207 is turned on by being biased forward.
Thereby, the fourth P channel FET 207 is turned on at the
timing of (T1+Td2), and an applied current p reaching the
second FET 205 from the fourth P channel FET 207 via the
motor coil 208 flows (FIG. 5(p)). As shown in FIG. 5(n) and
FIG. 5(0), since the ON periods n and o of the second FETs
204 and 205 do not overlap each other, there is no overlap-
ping between the first ON period Tonl in which the first FET
204 is on and the second ON period Ton2 in which the
second FET 205 is on, and simultaneous energization, that
is, a through current is not generated between the first FET
204 and the fourth P channel FET 207 or between the second
FET 205 and the third P channel FET 206 in the H-bridge
circuit. The drain current q of the first FET 204 when the
applied current P flows in the motor coil 208 is shown in
FIG. 5(q), and the drain current r of the third P channel FET
206 in this case is shown in FIG. 5(r). As shown in FIG. 5(7),
due to the applied current p of the motor coil 208, a time lag
Td3 occurs between turning-on of the first FET 204 and
turning-on of the third P channel FET 206. As shown in FIG.



US 6,995,531 B2

13

5(¢g) and FIG. 5(r), the drain current q of the first FET 204
is a current corresponding to the first ON period Tonl,
however, the ON period of the drain current r of the third P
channel FET 206 is lengthened by Td2 due to influence from
an induced voltage of the coil. Herein, Td1l and Td2 are
approximately 20 microseconds, and Td3 is approximately 1
millisecond.

When the first ON period Tonl1 is switched to the second
ON period Ton2 or when the second ON period Ton2 is
switched to the first ON period Tonl, the applied current
suddenly changes in the motor coil 208, and in the case of
the motor coil 208 alone, a spike-shaped high voltage is
caused by this sudden change. However, this spike-shaped
high voltage is prevented from being transmitted to the third
P channel FET 206 from the node N201 by the diode D202,
and prevented from being transmitted to the fourth P channel
FET 207 from the node N202 by the diode D203. When the
voltage becomes higher at the node N201 than at the node
N202 due to the spike-shaped high voltage, a cyclic current
flows to the diode D207, an external circuit (for example, a
power supply circuit), and the diode D205 in order, and
when the voltage becomes higher at the node N202 than at
the node N201 due to the spike-shaped high voltage, a cyclic
current flows to the diode D206, an external circuit (for
example, a power supply circuit), and the diode D204 in
order, and generation of the spike-shaped high voltage itself
is also restrained.

As described above, according to this embodiment, a
direct current motor drive circuit which drives a brushless
direct current motor for rotating a magnet rotor by a motor
coil 208 that switches polarities (N and S) of a plurality of
magnetic poles when the direction of the applied current is
changed, comprises a hall element 201 disposed between
predetermined magnetic poles of the motor coil 208, a first
comparator 202 that receives an input of a sinusoidal signal
outputted from the hall element 201 and outputs a first
rectangular wave signal corresponding to the positive volt-
age of the sinusoidal signal, a second comparator 203 that
receives an input of the first rectangular wave signal and
outputs a second rectangular wave signal corresponding to
the negative voltage of the sinusoidal signal, resistors R205
and R206, a capacitor C201, and a diode D201 of a first dead
time circuit that provides the first rectangular wave signal
with gentle rises and steep falls and outputs it as a first
rectangular wave processed signal, a resistor R207 and a
capacitor C202 of a second dead time circuit that provides
the second rectangular wave signal with gentle rises and
steep falls and outputs it as a second rectangular wave
processed signal, and first through fourth FETs 204 through
207 and a motor coil 208 of an H-bridge circuit that receives
inputs of the first rectangular wave processed signal and the
second rectangular wave processed signal, wherein the
H-bridge circuit includes a first series circuit in which a
fourth P channel FET 207 connected to a positive power
supply voltage and a first FET 204 connected to the ground
are connected in series via a first node N201, a second series
circuit in which a third P channel FET 206 connected to the
positive power supply voltage and a second FET 205 con-
nected to the ground are connected in series via a second
node N202, and the motor coil 208 connected to the first
node N201 and the second node N202, whereby the third P
channel FET 206 or the fourth P channel FET 207 on the
high voltage side (positive power supply voltage side)
forming the H-bridge circuit is driven by the first FET 204
or the second FET 205 on the ground side, the first com-
parator 202 or the second comparator 203 as a drive circuit
for driving the H-bridge circuit is required to drive only the
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first FET 204 or the second FET 205, and it is not necessary
that the third P channel FET 206 or the fourth P channel FET
207 on the high voltage side (positive power supply voltage
side) is driven by an independent separate circuit, and
therefore, advantageous effects are obtained in that the entire
circuit can be simplified by omitting a drive circuit for a
conventionally required high voltage side switching ele-
ment, and even when the H-bridge circuit is made so as to
withstand a higher voltage, the direct current drive circuit
can be prevented from becoming expensive. In addition, by
providing the first and second dead time circuits, simulta-
neous energization between the third P channel FET 206 and
the second FET 205 or between the fourth P channel FET
207 and the first FET 204 can be prevented in the H-bridge
circuit.

The present invention relates to a direct current motor
drive circuit which drives a brushless direct current motor
for rotating a magnet rotor by a motor coil that switches a
plurality (for example, four) of magnetic poles N and S
when the direction of an applied current is changed, wherein
even when the H-bridge circuit is made so as to withstand a
higher voltage, the direct current motor drive circuit can be
simplified and prevented from becoming expensive.

What is claimed is:

1. A direct current motor drive circuit for driving a
brushless direct current motor, comprising

a hall element disposed between predetermined magnetic
poles of a coil of the brushless direct current motor;

an H-bridge drive circuit including a first comparator
which receives an input of a sinusoidal signal outputted
from the hall element and outputs a first rectangular
wave signal corresponding to the positive voltage of the
sinusoidal signal and a second comparator which
receives an input of the first rectangular wave signal
and outputs a second rectangular wave signal corre-
sponding to the negative voltage of the sinusoidal
signal;

a dead time circuit which carries out rectangular wave
signal processing for turning the first rectangular signal
and the second rectangular signal on at timings in
which their ON voltage periods are different; and

an H-bridge circuit which receives inputs of the first
rectangular wave signal and the second rectangular
wave signal subjected to signal processing in the dead
time circuit,

wherein the H-bridge circuit includes
a first series circuit in which a second switching ele-

ment connected to a positive power supply voltage
and a first field effect transistor (referred to as FET)
connected to the ground are connected in series via
a first node,

a second series circuit in which a first switching ele-
ment connected to the positive power supply voltage
and a second FET connected to the ground are
connected in series via a second node, and

a coil of the direct current motor connected to the first
node and the second node.

2. The direct current motor drive circuit according to
claim 1, wherein the first switching element and the second
switching element consist of P channel transistors (referred
to as PNP transistors), respectively.

3. The direct current motor drive circuit according to
claim 1, wherein the first switching element and the second
switching element consist of P channel FETs, respectively.

4. The direct current motor drive circuit according to
claim 1, wherein the dead time circuit carries out rectangular
wave signal processing for alternately turning the first
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rectangular wave signal and the second rectangular wave
signal on at timings so that the ON voltage periods thereof
do not overlap each other.

5. A fan motor having a direct current motor drive circuit
which drives a brushless direct current motor, comprising:

a hall element that is disposed between predetermined
magnetic poles of a coil of the brushless direct current
motor;

an H-bridge drive circuit including a first comparator that
receives an input of a sinusoidal signal outputted from
the hall element and outputs a first rectangular signal
corresponding to the positive voltage of the sinusoidal
signal, and a second comparator that receives an input
of the first rectangular wave signal and outputs a
second rectangular wave signal corresponding to the
negative voltage of the sinusoidal signal;

a dead time circuit which carries out rectangular wave
signal processing for turning the first rectangular wave
signal and the second rectangular wave signal on at
timings wherein ON voltage periods thereof are differ-
ent from each other; and

an H-bridge circuit that receives inputs of the first rect-
angular wave signal and the second rectangular wave
signal subjected to signal processing in the dead time
circuit,

wherein the H-bridge circuit includes
a first series circuit in which a second switching ele-

ment connected to a positive power supply voltage
and a first field effect transistor (referred to as FET)
connected to the ground are connected in series via
a first node,

a second series circuit in which a first switching ele-
ment connected to the positive power supply voltage
and a second FET connected to the ground are
connected in series via a second node, and

a coil of the direct current motor connected to the first
node and the second node.

6. A fan motor according to claim 5, wherein the dead
time circuit carries out rectangular wave signal processing
for alternately turning the first rectangular wave signal and
the second rectangular wave signal on at timings so that the
ON voltage periods thereof do not overlap each other.

7. A direct current motor drive circuit which drives a
brushless direct current motor for rotating a magnet rotor
that switches polarities of a plurality of magnetic poles when
the direction of an applied current is changed, comprising:

a hall element disposed between predetermined magnetic
poles of the motor coil;

a first comparator which receives an input of a sinusoidal
signal outputted from the hall element and outputs a
first rectangular wave signal corresponding to the posi-
tive voltage of the sinusoidal signal;

a second comparator which receives an input of the first
rectangular wave signal and outputs a second rectan-
gular wave signal corresponding to the negative voltage
of the sinusoidal signal;

a first dead time circuit which provides the first rectan-
gular wave signal with gentle rises and steep falls and
outputs it as a first rectangular wave processed signal;

a second dead time circuit which provides the second
rectangular wave signal with gentle rises and steep falls
and outputs it as a second rectangular wave processed
signal; and

an H-bridge circuit which receives inputs of the first
rectangular wave processed signal and the second rect-
angular wave processed signal,
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wherein the H-bridge circuit includes

a first series circuit in which a second switching ele-
ment connected to a positive power supply voltage
and a first FET connected to the ground are con-
nected in series via a first node,

a second series circuit in which a first switching ele-
ment connected to the positive power supply voltage
and a second FET connected to the ground are
connected in series via a second node, and

the motor coil connected to the first node and the
second node.

8. The direct current motor drive circuit according to
claim 7, wherein the first switching element and the second
switching element are a first PNP transistor and a second
PNP transistor, respectively, emitters of the first PNP tran-
sistor and the second PNP transistor are connected to the
positive power supply voltage, and collectors of the first
PNP transistor and the second PNP transistor are connected
to drains of the second FET and the first FET, respectively,
bases of the first PNP transistor and the second PNP tran-
sistor are connected to drains of the first FET and the second
FET via a third resistor and a fourth resistor, respectively, the
first rectangular wave processed signal and the second
rectangular wave processed signal are inputted to gates of
the first FET and the second FET, and sources of the first
FET and the second FET are connected to the ground.

9. The direct current motor drive circuit according to
claim 7, wherein the first switching element and the second
switching element are a first P channel FET and a second P
channel FET, respectively, sources of the first P channel FET
and the second P channel FET are connected to the positive
power supply voltage, drains of the first P channel FET and
the second P channel FET are connected to drains of the
second FET and the first FET, respectively, gates of the first
P channel FET and the second P channel FET are connected
to drains of the first FET and the second FET via a third
resistor and a fourth resistor, respectively, the first rectan-
gular wave processed signal and the second rectangular
wave processed signal are inputted to gates of the first FET
and the second FET, and sources of the first FET and the
second FET are connected to the ground.

10. The direct current motor drive circuit according to
claim 7, wherein the first dead time circuit includes a first
resistor connected to a third node as an output point of the
first comparator and the first capacitor connected in series to
the first resistor via a fourth node, the fourth node is
connected to the gate of the first FET, the second dead time
includes a second resistor connected to a high voltage side
of a fifth node as an output point of the second comparator
and a second capacitor connected in series to the second
resistor via the fifth node, and the fifth node is connected to
the gate of the second FET.

11. The direct current motor drive circuit according to
claim 8, wherein the first dead time circuit includes a first
resistor connected to a third node as an output point of the
first comparator and a first capacitor connected in series to
the first resistor via a fourth node, the fourth node is
connected to the gate of the first FET, and the second dead
time circuit includes a second resistor connected to a high
voltage side of a fifth node as an output point of the second
comparator and a second capacitor connected in series to the
second resistor via a fifth node, and the fifth node is
connected to the gate of the second FET.



